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Abstract 
PFBR, which is under construction in India, is a 500 MWe power, sodium cooled , (U-Pu)O2 fuelled, 
pool type fast reactor. Beyond PFBR, it is planned to construct 3 twin units; each one is 2x500 MWe 
capacity sodium cooled fast reactors with improved economy and enhanced safety. Significant capital 
cost reduction is targeted by way of introducing innovative and improved concepts for the reactor 
assembly components, such as grid plate, primary pipes, top shield and fuel handling system and 
optimizing the main vessel diameter and bottom dished head shape. The improvements have been 
conceptualized based on preliminary analysis and the detailed analysis and development for few of the 
component have been undertaken. The capital cost reduction of the reactor assembly components that 
could be achieved through these improved concepts is estimated to be about 25 %. These apart, the 
safety of the reactor is enhanced by passive features in shutdown and decay heat removal systems. The 
innovations introduced have many unique features and it would form an international bench mark for 
the future FBRs. To validate these concepts, R&D areas have been identified and strategy to execute the 
R&D has been defined clearly. Towards commercialization of future FBR, special efforts are put forth 
to manufacture the components of the entire reactor assembly, which are non -replaceable, as a factory-
made single item. In this paper, the basis of each concept to depict the Indian approach and strategy to 
make the fast reactor economically competitive is highlighted. 
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1. Introduction 
    India started fast breeder reactor (FBR) programme by constructing a 40 MWt/13.5 MWe loop type 
fast breeder test reactor (FBTR) at Kalpakkam, which is in operation since 1985.  This was followed by 
the design and development of a 500 MWe capacity Prototype Fast Breeder Reactor (PFBR). The 
construction of PFBR is under progress. Beyond PFBR, it is planned to construct six 500 MWe 
reactors by adopting twin unit concept (three 2x500 MWe reactors).  
 
______________ 
 
1876–6102 © 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Indra Gandhi Centre of Atomic Research
doi:10.1016/j.egypro.2011.06.047
Energy Procedia 7 (2011) 359–366
Open access under CC BY-NC-ND license.
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of Indra Gandhi Centre of Atomic Research
Open access under CC BY-NC-ND license.
360  P. Chellapandi et al. / Energy Procedia 7 (2011) 359–366
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Schematic of PFBR Assembly 
As these units are Commercial Fast Breeder Reactors (CFBRs) and based on the experience gained 
with constructing PFBR, many innovative features are introduced, particularly in the reactor assembly 
design to achieve significant cost reduction & enhanced safety while retaining the MOX fuel, two loop 
concept and reactor vault design features . Apart from twin unit concept, the other features are: 
optimum shielding with advanced shielding materials such as ferro - boron,  use of  SS 304 LN in place 
of SS 316 LN for cold pool components and piping, enhancing the design life to 60 y (for PFBR, 40 
years) and  reduced construction time of 5 y (7.5  y for PFBR). The improvements conceived for the 
reactor assembly of CFBR are discussed in this paper. 
2. Description of PFBR reactor assembly components 
    The main components that comprise the reactor assembly are main vessel along with thermal baffles, 
core support structure along with core catcher, grid plate, primary sodium pipes, core subassemblies, 
inner vessel, top shield, control plug, absorber rod drive mechanisms, intermediate heat exchangers 
(IHX), primary sodium pumps, fuel handling systems and safety vessel.  The reactor assembly is 
supported on the reactor vault, which consists of two portions made of concrete: inner wall supporting 
the safety vessel and outer wall supporting the top shield, which in turn supports the ma in vessel & its 
internals and primary sodium. The inner wall is lined with 6 mm thick carbon steel panels along with 
square shaped cooling coils, which are embedded in the concrete. The schematic sketch of reactor 
assembly is shown in Fig.1 [1]. 
The sodium is filled in the main vessel with free surface blanketed by argon. A safety vessel 
concentrically surrounds the main vessel to ensure safe level of sodium within reactor assembly in case 
of inadvertent leak in main vessel. The safety vessel is lined with SS thermal insulation panels on its 
outer surface to limit the incident heat flux on reactor vault. The inner vessel separates the hot and cold 
sodium pools. All the core sub-assemblies, numbering total of 1758, are supported on the grid plate 
which also serves as a plenum to distribute the flow through subassemblies. The control plug, 
positioned just above the core, houses mainly 12 absorber rod drive mechanisms, thermocouples and 
neutron detectors and failed fuel identification modules. The top shield sup ports the primary sodium 
pumps, IHX, control plug and fuel handling systems. It consists of roof slab, large rotatable plug and 
small rotatable plug. These are box type structures, made of carbon steel (A48P2). 
    Austenitic type SS 316 LN / 304 LN are the principal structural material for components in contact 
with sodium. 
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The rotatable plugs along with fixed offset transfer machine are incorporated for in-vessel fuel handling 
operations, i.e. for the transfer of the subassemblies between the respective locations and in-vessel 
transfer port (IVTP). A rotating leg inclined transfer machine (IFTM), with primary and secondary 
ramps is provided for facilitating transfer of spent / fresh subassemblies  into and out of the main vessel.   
 The two loop concept for primary and secondary circuits , double layer reactor vault features and 
austenitic stainless steel Type SS 316 LN for the hot pool components , adopted for PFBR would be 
retained in CFBR.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 Major improvements introduced in the CFBR reactor assembly  
3. Proposed improvements in CFBR 
    Though the specific cost of PFBR is judged to be close to the international target i.e. comparable to 
light water reactor due to the adaptation of two loop concept, thereby the cost of the secondary sodium 
circuit has been kept as low as possible, wide scope exists for improving the design of reactor assembly 
components towards reducing the capital cost. The major improvements conceived are consolidated in 
Fig.-2 and are explained in following paragraphs  [2]. 
3.1. Reduction of main vessel diameter 
The radial spacing at core level as well as at the top shield level and the circumferential spacing at the 
top shield level decide the vessel diameter. The use of integral control plug with small rotatable plug, 
reduction of the gaps between the flanges in view of different levels of flanges taking the advantage of  
the dome shaped roof slab, machining of penetration shells in roof slab, reduction  in the annular gaps 
between inner vessel & thermal baffles and thermal baffle & main vessel based on the experience 
gained from PFBR component manufacture yield a net reduction of pitch circle diameter of pump/IHX 
to 9.4 m, thereby the reduction of main vessel diameter from 12.9 m to 12.1 m.  
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3.2. Increased number of reduced size primary pipes 
  
In PFBR, under one pipe rupture case, as per one of the safety studies, it is seen that the core flow 
reduces to 30 % and the maximum clad hotspot temperature is 1346 K, against the category 4 design 
safety limit of 1473 K prescribed for 20% cold worked Ti stabilized 15Cr-15Ni stainless steel clad.  
To increase the safety margin in CFBR, eight pipes are provided, i.e. four per pump, thereby 
reducing the diameter of pipes from 630 mm to 455 mm (Fig.-3). The increased number of pipes 
increases the safety margin under pipe rupture event, i.e. the flow reduction is 43 % (core flow is 57 % 
of nominal flow) and maximum clad hot spot temperature is 1110 K.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                             
 
 
 
 
Fig.3 Layout optimization of primary pipes connecting pump header and grid plate 
3.3. Welded grid plate with improved features 
    In PFBR, out of 1758 sleeves in the grid plate, 732 sleeves support and facilitate coolant flow for 
fuel, blanket, reflectors, inner B4C, absorber rod and storage subassemblies  and the remaining 1026 
sleeves are incorporated to support shielding subassemblies, which do not require any coolant flow. In 
order to simplify the design, the coolant plenum is reduced by accommodating only 732 sleeves that 
are needed for facilitating the coolant flow.  In addition, 197 sleeves without slots are incorporated for 
the shielding subassemblies for achieving uniform flow distributions in the grid plate. The remaining 
sleeves are eliminated and alternatively, spigots are welded to the grid plate top plate to support the 
shielding subassemblies, which are not to be replaced during the entire plant life. This results in 
reduction of diameter of the intermediate shell to 3.9 m, while the top plate diameter is retained as 6.1 
m (Fig.4). This reduction of cold plenum in grid plate facilitates comfortable layout for the eight 
primary pipes. Further, in the revised grid plate concept, the welded joints are conceived between the 
shell-to-plates and sleeves-to-plates, instead of bolted joints which are preferable from manufacturing, 
better thermo-mechanical and economy considerations. In view of reduced diameter of primary pipes, 
the height of grid plate is reduced accordingly, i.e. 685 mm as against 1000 mm for PFBR. The net 
weight reduction of new grid plate is estimated as 55%.  
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Fig.4 Welded grid plate with improved design features  
 
3.4. Shape optimisation of inner vessel 
    The diameter of lower portion can be reduced by 250 mm due to reduction  in grid plate diameter and 
that of the upper shell can be reduced by 360 mm due to reduction in main vessel diameter.  The redan, 
which connects the top and bottom cylindrical shells is changed to single toroidal shell due to its 
inherent higher buckling strength. Stress analysis indicates that this new geometry calls for reduced 
thickness, i.e. 15 mm instead of 20 mm (Fig.5). The new shape can accommodate in-vessel transfer 
port (IVTP), which was in the grid plate of PFBR.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5.Optimisation of geometry of Inner vessel with single torous for CFBR 
3.5. Dome shaped top roof slab with conical skirt support under compression  
  
    In PFBR, the large box type structure with many penetrations , made of carbon steel of special grade 
(A48P2) posed a lot of difficulties during manufacturing, in particular due to lamellar tearing and was 
found to be time consuming. Alternatively, taking the advantages of higher load carrying capacity with 
possibly minimum thickness, a dome shaped roof slab is conceived which comprises a conical shell 
connected to vertical shell through short torus portion  (Fig.-6). Material of construction for the shell is 
chosen as SS 304 LN to avoid the bi-metallic joint. The upper axial shielding is decoupled from roof 
slab and transferred directly to the reactor vault. The roof slab support shell has also been changed to 
conical skirt. The skirt supports the load by developing compression, which is preferable from fracture 
strength point of view. The triple point junction has to be machined from forged piece. Through 
machining of the penetration shells with a stepped geometry, it is possible to have minimum annular 
gaps, which helps to reduce the complementary shielding requirements on the top shield, achieve 
minimum main vessel diameter and also mitigate the sodium ejection through the annular gap under 
core disruptive accident (CDA). 
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Fig.6 Dome shaped roof slab with conical support skirt for CFBR 
3.6. Thick plate concept for rotatable plugs 
    In line with the dome shaped roof slab, the rotatable plugs are conceived from thick plates with their 
outer flanges machined from thicker forged rings. This design concept is chosen again from 
manufacturing, economy and minimization of main vessel diameter considerations. The advantages of 
minimum annular gaps with stepped configuration, achievable by machining can also be derived by 
this concept.  
3.7. Integration of control plug and small rotatable plug 
    In the thick plate concept, the small rotatable plug (SRP) is integrated with the control plug, thereby 
eliminating the annular gap between the control plug and SRP which contributes in reduction of main 
vessel diameter. With this concept, the control plug needs to be handled along with the SRP, either 
during erection stage or during removal for maintenance (in case of necessity).     
 
3.8. Safety vessel integrated with liner 
    While the concepts of inner and outer walls of the reactor vault adopted for PFBR are retained, a few 
important changes are proposed for the safety vessel. The material of construction is changed from SS 
304 LN to carbon steel. This is justified by ensuring that the temperature of leaked sodium and thereby 
safety vessel temperature would never exceed the creep regime in view of reliable and dedicated safety 
grade decay heat removal exchangers immersed in the hot pool. The annular radial gap of 250 mm, 
which is provided between the safety vessel and inner reactor vault  for PFBR, is eliminated. The safety 
vessel thickness would be reduced to 6 mm. To enhance the strength  of the vessel, in particular during 
the seismic events when main vessel is under leaked condition, the gap between the free end of 
insulation support studs and the inner concrete wall is optimised to transfer the seismic load from 
safety vessel to concrete while allowing for thermal expansion of vessel under normal operating 
conditions. Thermal insulation panels provided in PFBR design would be retained, with ceramic 
sleeves between the studs and insulation sheets.  
3.9. Improved fuel handling system 
PFBR construction experience indicated that it is preferable to adopt a simplified fuel handling system. 
Hence, the fuel handling scheme is revised by eliminating the IFTM. Instead, a straight pull machine in 
roof slab is proposed to transfer the subassembly between IVTP which is located in inner vessel lower 
portion and out of vessel. The transfer of subassembly between the respective location in the core, 
storage location and IVTP is achieved through two transfer arms  one each in Small & Large rotatable 
plugs. 
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3.10. In-vessel primary purification circuit 
    In-vessel sodium purification system is proposed instead of expensive external purification circuit 
that could be eliminated. From the safety point of view, accommodating the radioactive circuit within 
reactor assembly is preferred. The technological and economic aspects need R&D, for optimisation and 
reliability.  
3.11. Revision of thicknesses 
    For PFBR, the operating basis earthquake (OBE) is categorised under level A loading as per RCC-
MR, to avoid the need for inspection after earthquake towards resuming the operation. Hence, the 
minimum wall thicknesses of various shells in the reactor assembly were decided by the inertial forces 
developed under operating basis earthquake (OBE), when combined with the nominal dead loads. 
Getting inspiration from international trend, it is proposed to make OBE as inspectable earthquake with  
a gross check for 1/3rd value of safe shutdown earthquake (SSE) in accordance with USNRC.  As per 
this, the critical locations in reactor assembly components would be inspected once the peak ground 
acceleration (PGA) value of earthquake exceeds 1/3rd of PGA corresponding to SSE.  To give a feel of 
material savings, it is seen that the thickness of main vessel can be reduced to 20 mm, from 25 mm 
through elimination of OBE in design. 
3.12. Cost saving of revised concepts 
    The schematic of reactor assembly of CFBR, with revised concepts is shown in Fig. 2 and the table 
accompanying the figure indicates the material saving achieved for each of the components . The net 
consumption of stainless steel including core is reduced to 1685 t from 2156 t. This results in specific 
steel consumption of 3.37 t / MWe (4.32 t /MWe for PFBR), yielding a saving of about 22 %. The 
primary sodium inventory is 1000 t for CFBR, instead of 1150 t for PFBR.  
 
4. Challenges and approach towards commercialization 
    Technology development exercises for welded grid plate and inner vessel redan of large single torus, 
ensuring availability of thick forged stainless steel rings for dome shaped roof slab is underway for 
CFBR whereas development of thick plate narrow gap welding for rotatable plugs has been 
successfully completed. Development of sodium resistant concrete for embedded safety vessel and 
demonstration of constructability are to be addressed comprehensively, with mockups. It is planned for 
carrying out the qualification of performance of cold traps, conceived for the high temperature 
operations in the in-vessel purification circuit. In-Service Inspection possibility of critical locations in 
reactor internals should be established to demonstrate that the OBE is inspectable  earthquake. Detailing 
for the safety clearance for the elimination of OBE from design is under progress.  
    Acceptance of technology depends on the cost-competitiveness of the product delivered. In this 
context, it is noted that shop fabrication of entire reactor assembly for multiple reactor units will have 
significant contribution in reducing the project cost by eliminating the duplication of site assembly 
shop at each site and facilitating better co-ordination from the manufacturer perspective. Hence, special 
efforts are being devised towards shop development of entire reactor assembly  and deliver it at site as a 
single item. 
 
5. Summary 
    Based on the feedback from design and construction experiences of PFBR, international trend on 
innovative design of FBRs worldwide, accumulated experience on focused R&D during last 40 years 
and above and technical perception, revisions/innovations have been introduced for the reactor 
assembly of future 500 MWe oxide fuelled fast reactors, beyond PFBR.  These effort s have yielded a 
net material saving of ~25% in the reactor assembly components. Towards implementing the new 
concepts, associated R&D works have been initiated.   
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